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UNITED STATES PATENT 

! 
This invention relates fo improvements in ki]ns 
for heat treatment of materials such as clay, 
shales and the like and a kiln therefor. 
Heretofore in kilns for treating materials at 
very high temperatures wherein the kiin employs 
an endless conveyor for conveying the material 
to be treated through the kiln, it has been thought 
necessary fo employ a conveyor surface composed 
of slabs of refractory material and usually a rhin 
film of sand or other suitable granular material 
is spread over the refractory slabs fo serve as a 
parting compound. These refractory slabs have 
not proven entirely satisfactory, but it has been 
thought necessary to .use such materials because 
of the deleterious effect that high temperatures 
have upon metals..If has also been considered 
necessary in the past fo pre-dry clays, shales, and 
the like at temperatures ranging up to 900 ° F. 
before subjecting the material to higher temper- 
atures required in the treatment in order to pre- 
vent portions of the material from popping or 
exploding off the main body of the clays or shales. 
This pre-heating treatment is both expensive and 
rime consuming. In addition when it bas been 
desired to treat clay products, shales and the 
like to provide a bloated material, it has been 
deemed necessary fo spread a rhin layer of granu- 
lated clay or the like upon the conveyor and pass 
this rhin layer of material through the kfln where 
it is subjected fo bloating temperatures ranging 
from 1900 ° F. fo 2200 ° F. This treatment is so 
slow that rotary ki]ns have been resorted fo for 
the purpose of forming light weight or bloated 
materials and even then the results have not been 
satisfactory. 
It is an object of this invention to provide a kiin 
for treating materials such as clay, shale, and the 
like at elevated temperatures in which a metal 
conveyor may be employed for conveyin¢ the. 
material fo be treated through the kiln. 
Another object is to provide a kfln for treating 
materials at high temperatures wherein an end- 
less metallic conveyor carries the material 
through the kiln and a means is provided for 
protecting the material of the conveyor from exr 
posure fo the temperature within the kiin. 
Still another object is to provide a kiln with a 
conveyor for conveying material to be treated 
through the kiln in which a fiat support surface 
is closely associated with the conveyor.for sup- 
porting a layer of granular insulating material 
covering the portion of the conveyor .which ex- 
tends through the kiln and means is provided for 
continuously applying a layer of insulating ma- 
terial to the surface. 
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Other and further objects of this invention will 
appear from.the following description. 
The accompanying drawings, which form a part 
of the instant specification, are to.be read in con- 
5 junction therewith, and wherein like reference 
numerals are employed to designate like parts in 
the various iiews: 
Fig. 1 is a side elevational view of a kiln em- 
bodying this invention; 
10 Fig. 2 is a crosssectional view taken along the 
line 2--2 in Fig. 1 in the direction of the .arrows; 
Fig. 3 is a blown up view mostly in plan but 
with parts broken away fo illustrate the con- 
struction of a chain type conveyor in accordance 
15 with this invention; :.- 
Fig. 4 is a view taken along the line 4--i in 
Fig. 3 in the direction of the arrows; 
Fig. 5 is a side view of one of the links from 
which the chain shown in Figs. 3 and 4 is fabri- 
2O cated; 
Fig. 6 is a detail or fragmentary view of the 
discharge end of the kiln shown in Fig. 1; 
Fig. 7 is a side elevational view upon a fragr. 
mentary scale illustrating the stacked arrange- 
25 ment of material to be treated upon the insulation 
layer which covers the conveyor; 
Fig. 8 is a plan view of the kiln shown in Fig. 1; 
Fig. 9 is a view illustrating a modified form 
which the material to be treated may assume; 
S0 Fig. 10 is an enlarged front elevational view of 
the shoe for regulating the thickness of the layer 
of granular insulation material covering the con- 
veyor in the kiln of Fig. 1; and, 
Fig. 11 is a graph the curves of which may be 
employed to determine the required thickness of 
35 the layer of granular insulation material. 
In general this invention is concerned with the 
heat treatment of materials, such as clays, shale 
or the like at elevated temperatures. The inven- 
40 tion is especially adapted but not limited fo the 
treatment of bloatable ceramic materials such as 
certain clays and shales or cintered material to 
form light weight expanded objects. By way of 
illustration and not by way of limitation the in- 
45 vention will be described in conjunction with its 
application fo the bloating of clay and the like. 
The material to be treated is preferably formed. 
into objects having suflicient strength to support 
their own weight and having substantially uni=. 
5O form wall thicknesses. These objects are placed 
upon a moving hearth and pass through a kiln 
within which the temperature is maintained-at 
bloating temperatures usUally within the range of 
1900 ° F. to 2200 ° F. 
55 During this bloating period, the material as- 



sumes a plastic state and upon discharge from 
the kiln the material is permitted to cool to the 
rigid state and thon the forms of the material 
may be disposed of in the fashion desired. 
The conveyor for carrying the material through 
the kiln preferably is ruade of mild steel becanse 
of its cheapness and ruggedness. This material 
of the conveyor is deleterionsly affected if its 
temperature is raised to the temperature existing 
within the kfln. Foï this reason a layer of granu- 
lar or finely divided insulating material is placed 
over the conveyor and supported on a fiat surface 
which is associated with the conveyor., Of course 
the insulating material should have a fusion point 
greater than the temperatures to which it wfll 
be exposed within the kiln. It has been round 
that the thickness of the layer ofinsulating, ma- 
terial required for given conditions of time of 
treatment, permissible temperatures of the con- 
veyor, and temperature within the kiln can be f  
deteïmined, experimentally- o_r- a  saïe- thickness 
may be determined by use of- a. mathematicalex 
pression, herefl]after more ïully developed.. 
It- is -well  known that practically- all clays or 
shales;  under-ordinary conditions, if rapidly 2{ 
heated-to temperatures exceeding-900 ° F. wil! 
have fragments exploded off probably due to, 
the formation oï,steam within the material, it- 
self. It has been round, however, that if the 
clay or  shale is quite moist so as to contain free 0 
water that this-spoiling, exploding, or popping 
off- of-the .material.is eliminuted. If the mois- 
ture-conten-oï the clay or. shale is. adjusted.to. 
permit-forming of the .material under pressure, 
such as in vhat is commonly, ltnown: o the 
industry as pug. mill where the material is ex- 
truded through dies, these forms, or objects.may- 
be-passed directly and quickly, into a Mln at 
temperatures.between-1900 ° F: and 2200 ° F. for 
the purpose of bloating the material. The.cus-. 40 
tomay pr.e-diing at relatively, low temperaures 
may be .dispensed with, thus-eliminating., the 
expense, invol/ed in the pre-heat treatment rand 
atso,reducing- the time of.. total treatment. 
Usually in the adjustment r of the moisture..45 
content of the material, particularly where the 
mater.ialhas been dug for several days andhas 
laimexposed-te the atmosphere, it is necessary 
to ádd--water--te-the,-clay or shale in order,to. 
give., it : suflïcient pasticit-y to - be  0rmed, into 50 
self-supporting.forms-when subjected topressure 
as-in a  pug .mill. O-the r. other rhand if the-- 
material i taken diréctly. ïr0m-marshy or. 
swampy- ground; the ,matmial: maF- contain -such 
ar high  degçee of m0isure: astro reqire some 55 
dry!ng bef0re it- is introduced- into-the- forming- 
machinery. In any even- themoisture must- be 
ad]nsted and  it-.has been-round that hen this- 
relative .moist material,- as it is. extruded: from 
the -pug:-mil!,- is subjected to,- the elevated item- - 60 
peratures.even.as high as-bloating temperatures, 
thaquiteunexpectedlY, no explosion takes place 
A grea$ number .of clays' snd shales- bave been 
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between 00 ° . and 800 ° . for some one to 
six hours. 
leferïing now to the details of the kiln shown 
generally at [} in the drawings, the kiln proper 
is a furnace having walls ruade of ïefractory 
material ! or having reïractory material lining. 
ïîe upper portion of the kiln may carïy a layer 
of sand or the like  for added insulation. The 
kiln. !{} has a ïu'e box !  with suitable openings' 
2" therein communicating with pipes [ foî 
supplying fuel such as gas, powdered coal, oil, 
or the like. This tire box extends substantially 
the ïull length-of the kfln and is separated from 
the heat treating chamber |4 by a perforate 
wall or partition ! . The heat treating chamber 
 bas another wall or partition [S also perforate, 
which communicates with the vent means or 
chimnéy Il. This arrangement provides a draft 
ïrom. the tire box through the chimney causing 
the heated gaseous medium from the tire box to 
pass .through the heating, chamber substantially 
normally to. the. direction of travel of the con- 
veyor  through the heat chamber. 
The structure just above descibed may. be 
supported on suitable suppms | which may 
cazry a. metallic.plate or the-]ike )upon which 
the kiln. tests. Preferably the. b0tt0m of the: 
heat tïeatment, chamber is somewhat lower than 
the bottom Of the tire box,  |, as is shown at |. 
This,bottom may be formed:of- refractory ma-, 
teriaI supported, by plate  but, this is-not, 
essential, when.the Mln is..to, be operated and 
constructed_ in accordance with this invention, 
for the insulating material that protects the 
conveyor fromthe extreme tempeïatures of the 
kiln also wfl! protect the bottom-of the. heat, 
treating, chamber-and a= metalliC, structure or 
surface-may be employedalone. 
leferring:to the conveyor , it.'will be seen 
that. the endless conveyor extends- about 
sprockets $ and2 at. opposite ends of the kfln. 
The sprocket : is the driven sprocket and has 
a drive connection with driven sprocket 2 ,in- 
cluding, shat 2 upon which both spïockets 24 ', 
and 2 are mounted. Sprocket 2,hasa suit 
able drive connection-.through chain 2,. sprocket, 
 and gears, hot shown in:the, drawings with 
a suitable prime mover 2. 
The chain conveyor |]/extends through the- 
kfln at -the entrance | a of the: heating chambeï. 
and the.exit |b of the heating..chamber. The: 
bottom of the heating chamber, shown at.-| . 
extends beyond the entrance:-of the ldln and 
has a, fiat top surface. This. fiat top:surface: 
extends substantially to the sprocketr $. and 
provides a support suoEace: in close-proxhnity 
to. the conveyor and associated«with the con: 
veyor for supporting a layerof:.sand $, or other 
suitable granular material; above the conveyor. 
This insulating material-has a ofUSiOn oz melting 
point greater than the tmperature to-be,.en- 
countered- within the- kiln.. A. trough is pro- 
vided within the kiln and: througli the boat. 

treated- in- this- fashion» .including a. shale- ob- treating, chamber thereof: by_ the offset, p.osition.: 
tained :: at- strawn» Texas rand- severa ' varieties 65 of the bottom 2 |, relative to=.the.refractory  bot 
of Beaumontclaysandh]çno instance hae'-these tom o the adjacent.tire box .and..chimney. This- 

ciays-had. . tendency-to-pop or_ ex-plode vhen-- 
subjected  in- the  moist-, state: di.rectly " to the - 
inens_e,: hèat  of: the- kiln- for  the-. ppose , of 
causing the clays  o  bloat. These saine-ma- 70 
terias,  on, the- other hand- are-:cerF:bad about 
spoilïng-and exploding  or-PoPping-off - untess, this 
moiSture- content adjustment is_ -st:- ruade- or-- 
unless the clays are flrst subected-to-a-pre: 
heating - treatment, af temperatues- preferabty 75: 

trough is extended- from..the, entrance 14a.;.of 
the kiln toward sprocket/:2S::by providing: side. 
vall memSers_ } .for the par£ :of.bot£om  | that: 
extends ïrom the kfln.. These..side wall mem-, 
bers are.-supported: by plates :Sa-..mounted'. on: 
uprights-|9. These plates.also:supp0rt the..sh_aft- 
for-.sprocket 23: - 
The layer 3  of granuIar. :inU!ating maria!,., 
such as sand, diatomaceous eath,_siliconcarbide; 
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pulverized tire brick, is distributed upon the fiat 
top surface 2! to coter the conveyor by hopper 
34. The hopper is supported adjacent sprocket 
23 by legs 34a footing on plates 30a. Hopper 34 
has an adjustable shoe 3§ which may have its 
vertical position adjusted to determine the thick- 
ness of the layer of insulated material tobe de- 
posited over the conveyor. This shoe is detailed 
in Fig. 10 and bas slots to provide for bolting the 
shoe to the hopper in a selected position. The 
layer 33 of granular material is carried alonE 
by the conveyor. The conveyor chain shown in 
the drawings pulls the material through the heat 
treating chamber with practically no disturbance 
to the upper surface of the sand. The speed of 
the conveyor is relatively slow and depends upon 
the length of the heat treating chamber and the 
time of treatment required. At such slow con- 
veyor speeds, the body 33 of insulating material 
behaves substantially as a continuous slab of 
material. 
As the chain moves through the trough formed 
by bottom 2! he chain apparently floats in the 
sand and it has been round that there is ex- 
tremely little or practically no wear either of the 
chain or the support surface provided by the top 
of bottom surface 2i. Preferably the sprockets 
23 and 24 which carry the conveyor should have 
their upper peripheries, at the valleys between the 
teeth, slightly above the end portions of the 
bottom member 2! and /2 inch bas been round 
satisfactory. This allows the conveyor to sag 
clown onto the support surface and materially 
reduces the wear. 
Itis contemplated that in lieu of the support 
surface 2! a conveyor may be employed of the 
type which carries its own support surface. It is 
diflicu]t to provide a seal between the support sur- 
face carried by the conveyor and the side wal]s 
of the trough and for this reason the arrange- 
ment shown in the drawings is preferred. With 
this arrangement there is no possible way for 
the sand or other granular insulating material to 
leak from operative position. 
A means is provided for distributing the sand 
from the exit end of the conveyor adjacent 
sprocket 24 into hopper 34. This mean includes 
chu 36, endless conveyor ST supported on 
sprockets 36, 39 and 40, and laterally extending 
chutes 4! and 42. A drive means such as prime 
mover 43 is associated with one of the sprockets 
as 39 in the drawings. By this arrangement the 
sand or other granular insulating material drops 
through the conveyor and from the support sur- 
face at the end of the bottom 2 ! adjacent the exit 
of the kiln, upon laterally extending chute 4|. 
This chute distributes the sand into chute 36 
where itis moved along by conveyor ST and car- 
ried to the upper end of the chute. At this po- 
sition it fa]ls into the laterally extending chute 42 
and drops into hopper 34. This means for mov- 
ing the sand is external of the kiln and the heat 
accumulated by the sand in the kfln is dissipated 
to the atmosphere. 
Also associated with the conveyor 16 adjacent 
the exit of the kiln is a chute 44 residlng just 
beneath sprocket 24 and communicating with a 
hopper 46. The material discharged from the 
kiln falls over the end of the conveyor at the 
discharge end and drops into the chute 44 and 
drops into receptacle 45 where it may be dis- 
posed of in the manner desired. 
!tis preferred fo fabricate conveyor 5 from 
mfld steel for the res,son that the conveyor of this 
material bas great strength, is economical, and 

when protected by the layer of granular insulat- 
ing material from the extreme temperatures of 
the Mln may be maintained at a temperature 
below the temperature at which it would be 
5 deleteriously affected. It is contemplated that 
tfigh temperature alloy steels may be employed 
for this purpose and that when so employed the 
thickness of the sand can be substantially re- 
duced. Of course if the kiln is tobe operated at 
10 relatively low temperatures, that is, temperatures 
at which the alloy steel conveyor is able to wlth- 
stand, no sand need be used at all, as long as the 
character of the material to be treated would 
permit it to be placed directly upon the alloy 
15 steel conveyor. However, due to the great cost 
of these alloys it is hot preferred at this time 
to use a conveyor fabricated of such alloys. Of 
course, alloy steels presently known may hot be 
heated to the temperature range required for 
2O bloating ceramics. 
The chain 5 is ruade up of a plurality of links 
46 detailed in Fig. 5, having apertures 
These links are strung on rods 4T with spacer 
washers 48 holding the links in proper spaced 
25 relation upon the rods. Thls arrangement of 
parts for the conveyor bas been round entirely 
satisfactory for advancing the bed of insulatlng 
material over the support surface 2i. With this 
arrangement it has been round that the bed 33 
30 moves substantially as a solld body with prac- 
tically no vibration or movement of the surface 
of the insulating materlal other than in a for- 
ward direction. 
It is contemplated that other forms of con- 
.5 veyor arrangement may be emp]oyed, such as wire 
meshes and the like. 
In operation, the kfln is flred up until the de- 
slred temperature within the heat treatment 
chamber bas been obtained. During the heatlng 
4o up operation or at least the la,st stages thereof, 
the chain or conveyor should be covered wlth the 
insulating materlal to protect it from overheating 
as the temperatures rlse wlthin the heat treatlng 
chamber. Preferably as the temperature within 
45 the chamber commences to rise the prime mover 
29 is tsarted in order to advance the conveyor 
through the heat treating chamber reducing any 
llkelihood of over-heating the conveyor. The ar- 
rangement of the shoe 35 upon the hopper makes 
5O it possible to selectlvely gauge the thickness of 
the ]ayer of insulating granular materia] tobe 
deposited upon the conveyor. Prime mover 43 
is started to drive sprocket 39 and thus drive con- 
veyor chain ST to distribute the sand from the dis- 
55 charge end of conveyor i8 to the hopper 34. The 
chain ST carries the granular material along 
chute 3'6 and it falls lnto the lateral chute 42.and 
thence is deposlted within the hopper 34. 
When the proper treating temperature hàs been 
60 reached within the kiln, the material to be treat- 
ed is ieposited upon the upper surface of the 
insulating granu]ar material or bed 33. In the 
operation to be carrled out is to treat a bloatable 
ceramic material the material may be deposlted 
65 upon the bed 33 of insulating materia] in the 
usual fashion in granular form in a rhin layer, 
but due to the slowness of this operation it 
much preferred to place pre-formed objects upon 
the bed of sand 33 in the manner shown in the 
0 drawings. 
Fig. 7 shows the preferred open ended form 
of the material at 49 but it is to be understo0d 
that other forms may be employed. The thick- 
ness of the wall affect the tlme required to coin- 
?5 p]ete the treatment and in the interest of high 
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rate of production, a thickne.ss of .,5, iach, is 
usual'Iy the thickest, walt that should be used. A 
wall. hic -lmess: of % of an. inch is prefemed. A 
tubular ferre with. an internal, diameter of one 
inch and  an outside, diameter of one` an& three. fourhs- inches has been round- entirely, satis- 
factor and such ferres.are capable of maintain- 
ing theL shape when stacked eight high upon 
the mov.ing hear th. 
, The ferres should be distributed upon the bed 
al of insulating material in such fashion as te 
pïov.tde` passageways. 5{1; and 5| through the 
Stacked materiaI. These passageways extend 
s.ubstanially normal te Vhe direction of tra_vel 
of the. conveyor and are provided by the ipaces 
beween, adjacenh tubular objects. 48 and by the 
openings, through the objects 48 themselves. 
Theseobjects,48 are open-ended hollow eb.ects in 
the f,oms oftubes and may be formed by the usual 
pug mflls well known te the art- but. ro shown 
in.thedr, awings. These tubesor pipei-are llaced 
by haad: upon .the bed of insulating sand but may 
be distributed thereon by machinery. The- plas- 
ticity of. the clay or sbale is such that the ob- 
jects  are.. net only self-supporing, but als0 will 
SUplxh the layer of several other such objects 
wherin_stacked relation. 
The_ c0nveyor ! 8 with- the superimposed: ¢over 
o1 insulating granular material 33: provides in 
effe..t a. moving hearth for carrying the. material 
te..be treated through the kiln. M-aterial passes 
slovvly through the heat. treating chamber of. the 
kiln and the heated gas or gaseous:medium frein 
the tire box circulates, through and pas the 
JeCts,continuously passing through the passages 
§ and 5| subjecting the objects te be treated:tmi- 
formly, te the heat- treatment. By. this.: meçhod 
çhe. rate of production of the kiinAs-gretly, in- 
crease over- the method- of depositing a. rhin 
la,.er-of a granu]ar: material te be treated upon a 
m(}ving: hearth and carr.ying if through: the kfin. 
Thi-îs truc ,because the thickness of.such._a film 
of.,material te be: treated preferably should, net 
be, gFeaer than about thr.ee-eighths of. an. inch. 
The rate of movement of, conveyor. |8 is:ad- 
juste: te provide a proper length of heattreat- 
montrer the material se that it. ii_ disciarged: ai 
the expiration of the proper heat treatmenk The 
treated material is permitted te. full: frein: the 
cnvyor- on te chute- 4 and: into: a suitable, re- 
ceptcle 45. ttowever,, belote the. treated:mate- 
rial. is discharged the granular insu!ating material 
is,, dischargel into lateral chute 4-|. and is con- 
veyed back te the hopper 4: for. refuse; cooling 
en-route. 
Where-the material is bloated and-il t0.be: used 
for.light weight aggregate in maMnglight weight 
concrete and. the like,.the bloted: ob,ects 
remoe.d from the container 5. and: taken te a 
suitable mill for: breaking into. tha.proper size. 
It.is contemplated thatthe ferres-o: the. mate-. 
rial te. be treatedmaF be adjustedinto:an:slà- 
able-shape or desired.shape-so longas:the shapes 
maF.be arranged upon the. moving,hel'th:in such 
nanner-as te provide fo substantially even heat 
treatment. In other.words se as to-,provide.pas 
sages for circulating- a heated' gas, beween, sm'- 
faces of_ adjacent..objects, and ifi desired-, throuh 
passages formed in the objects themselves, Pzeïr erably these fiow passages for heated gs,.shoud 
be. in a direction sbstantially normal' te: ttm di- 
rection of travel of the conve:or. 
A. modified ferre, in which the mterial, te. be 
treated may be shaped in a pug,milt,is showrz, in 
hfg. 1O. at,. « In this: ferre th materiI;ha a 
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pluralit: of passages 5 therethrougt nd. the 
wll thicknesses o the solid portion of the. honey,- 
comh as shown af 54' are substantially uniform. 
The advantage of this shape or ferre, is: in the 
 handling and stcking of the material upon the 
hearth.. 
Referring t0 the layer of insulating mteril 
 the thickness, of this: layer must be selected:e te 
provide: suflïcient, insulation te protect he-con- 
10 veyor frein the extreme heat-of the kiln and- o 
prevent if frein rising te such a temperature 
that it would be deleteriously affected. Of course 
he temperature which.the conveyor-may-be sub- 
jected te will depend upon the materials frein 
5 which the conveyor is constructed. For  most 
mfld: steel construction the conveyor may safelY 
be subjected, te temperatures in the ortier of 
00 ° F.,. but in order te provide a safety factor it 
is preferred  that the thickness of the layer of 
20 sand be suflïcient te prevent the material of-the 
conveyor frein attaining a temperature, greater 
than 500 ° F. Also, it is desirable te maintain 
the thickness of the layer of granular insulating 
material sufliciently, geat te protect the conve:or 
25 in the event of break-downs for a period of time 
at least as great as thirty minutes over, he: time 
of the pass through the kiin. This reduces the 
necessity of shutting off the heat in the tire box 
of the furnace which would otherwise be.requied 
30 by short_interruptions of the heat treating opera- 
tion. 
Under seine conditions it is contemplated that 
special alloy steels capable of withstanding relaz- 
tively high temperatures may be employed Allo: 
35 steels are new available which ma: be safely.op- 
erated at temperatures up te 1700 ° F. Howeer, 
these alloys-are expensive-and ut the present rime 
it is preferred te use the mild steel materials for 
the conveyor for this reasen. For seine opera- 
40 tions if may-be necessary te heat certain clays 
shales or other ceramics ah temperatures under 
1700 ° F. If this is truc, of course the. layer of 
sand need net be- emp]oyed and the formed ob- 
jects of the material to-be-treated may be. stacted 
5 directly upon the conveyor. 
The thiclness of the layer of insulating.granu- 
lar material may be determined by experimenta- 
tion and has been experimentally determined for 
mfld: Steel conveyors wherein the temperature-,to 
5,,* be encountered in the kiln is in the neighborhoed 
of 2150 ° F. This temperature is preferred for 
most, bloating operations. The initial tempera- 
ture-of, the granular insulation material was 
100 ° F. and the rime within the furnace was one 
. hou, the normal bloating, operation-requiring 
thirty minutes, and thus, providing fora thirty, 
minute, safety factor. The con¢eyor v¢as fabri- 
cated of. mfld steel and the permissible retapera-. 
turc was: considered te be 500 ° F. te pro'vide, an 
ç,. additional safety factor. Itwas round that a.sand 
layer 1.24 inches-thick was. suflicient.under, these 
conditions, te maintain the temperature of-the 
conveyor below 500°F: With these saine- condi- 
tions, but with the rime within thekilnof on]y 
c5 30 minutes, the sand layer need.be on]y, .88 inch 
thick 
W. ith thekiln temperature of 2200 ° F.; whch 
is. the. maximum, blosting_ temperatur usully 
encountered-, in a kfln,, a. sand layer. 1.2.6 inches 
7o deep w.ith .the other conditions, as :set forth.alove 
as fonn satisfacory. If is .prefërred. te use 
this thickness of sand. in- order * te provide for 
saIety factor v¢hen ,,mtrials are. te be-bloated: 
 pot-,or  grapt.has'been prepared based:upOn 
75 e-xp_.erimental dat for. 'facilitating the calcul- 



.,600i30.6 

9 
tion of<either the temperature 't a point .in  
sand slabx.inches below the surface of the slab 
after an elapsed time in.a furnace maintained t 
 a. constaut temperature, or ther.thickness..of a 
sand la,er required for preventin the tempera- 
ture of, the conveyor from exceedin 'a predeter- 
mined temperature.  
This graph is shown in Fige 11 and the data 
upon which itis based was obtained by a plu- 
rality of test runs in a kfln employing a mild steel 
conveyor chain aud employing sand as the granu- 
lar insulating material. The curve §§ may be 
used fo calculate the sand thickness required with 
close approximations for furnaces of this general 
type. 
A second curve representing the temperature 
distribution, neglecting surface resistances fo heat 
transfer and dissipation of heat from beneath 
the conveyor is given in dotted lines and indi- 
cated ai 56. By the use of this curve the calcu- 
lation of the desirable depth of the sand layer 
which will provide safety for the conveyor may 
be calculated and will fit any furnace conditions 
that are likely fo be encountered. By experi- 
mentation thinner layers of sand or other in- 
sulating materiIs, than those indicated by the 
curve 56, usually may be ïound tobe satisfactory. 
Also, by solving simultaneous partial differential 
equations, the depth of the insulating material 
may be more closely obtained or calculated. 
These heat transfer formulae are readily avail- 
able fo those skilled in the art, but their use is 
so cumbersome or tedious as not fo be of prac- 
tical application. 
In using these curves 55 and 56, they should 
not be exterpolated fo long periods of time or 
fo very thin layiis of granular insulating ma- 
terial, but these curves will give satisfactory re- 
sults under average operating conditions. 
In the graph the vertic1 co-ordinate is plotted 
in accordance with the mathematical expression 
T--To 
The horizontal co-ordinate is plotted on the 
mathematical expression 

t 

In the above expressions, the reference letters 
have the following meaning: 
T1=temperature of furnace, °F. 
T0=initial temperature of sand. 
T=temperature of sand at p6sition X at rime T. 
t=time in furnace, minutes. 
x=distance below surface, inches. 
In the above graph the constant of the equip- 
ment, due primarily to the coefficient of distribu- 
tion of heat of the particular insulation material 
employed, is introduced into the curve. Itis 
believed that examples wfll aid in the under- 
standing of the application of the above curves. 

Example I 

TI=2100 ° F.; T0=100 ° F.; T=400 ° F.; t----60 
minutes; x=th e ]ayer of sand or insulating mate- 70 
rial above the conveyor. 
The expression 

leading on curve 55 it is seen that the horizontal 
co-ordinate corresponding with this value is .39. 
Solving the expression 
------39 " " 
 foi, .x,.X is round to elUal 1.23 inches. 
Example 2 
10 
Assuming that in the Example 1 conditions, 
the character and coefficient of distribution of 
heat of the granular insulating material was 
unknown, the value of t/x 2 should be obtained 
15 from curve 56. In accordance with this, the 
value of the expression as taken from curve 
is 11 and solving for x, x is equal to 2.33 inches. 
By calculations based on curves 65 and 56, 
thickness oï the insulating material may be oh- 
20. tained that will provide adequate protection for 
the conveyor. This thickness may be adjusted, 
based upon experience of operation if desired. 
It will be seen that the objects of this inven- 
tion bave been accomplished. There has been 
25 provided a kiln having insulating means for pro- 
tecting the conveyor for moving material to be 
treated through the kiln from the excessive tem- 
peratures encountered in the kiln. The arrange- 
ment is such that this means ïor supplying the 
3o insulating material to the conveyor may be read- 
ily varied to provide proper protection for varied 
conditions of operation in a kiln. 
There bas been provided a method ïor treating 
material in a kiln by which the rate of treat- 
35 ment of the material may be greatly increased in 
a given kiln over what has gone belote. In 
cordance with this method all clays, shales and 
other ceramic materials to be treated may be 
treated without an expensive pre-heating opera- 
40 tion, to prevent spoiling, exploding, or popping 
off. 
From the foregoing it will be seen that this 
invention is one well adapted to attain all the 
ends and objects hereinabove set forth together 
45 with other advantages which are obvious and 
which are inherent to the structure and process. 
It will be understood that certain features and 
sub-combinations are of utility and may be em- 
ployed without reference to other features and 
50 .sub-combinations. This is contemplated by and 
lS within the scope of the claims. 
As many possible embodiments may be made 
of the invention without departing from the scope 
thereof, it is to be understoed that all marrer 
55 herein set forth or shown in the accompanying 
drawings is to be interpreted as illustrative and 
not in a limiting sense. 
Having described the invention, what 
claimed is: 
60 In a kiln a furnace with entrance and exit 
openings, a substantially fiat support surface ex- 
tending through the furnace entrance and exit, 
a metal chain type continuous conveyor operably 
mounted with its portion to be loaded extending 
65 through the furnace and disposed in close over- 
lying proximity to said surface, and means for 
distributing at a point exterior of the furnace 
and adjacent its entrance a flnely divided granu- 
lar insulating material upon the surface in a 
selected thickness to encompass the conveyor for 
protecting the conveyor against the high tem- 
perature encounted within the furnace. 
PATtICK C. LIPSCOiVIB. 
75 (References on following page) 
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